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Maja MATECKA', Aua TPOMBEBA-TABPUJIOCKA?

MEXAHHUYKHU CBOJCTBA HA BETOH CO PA3/IMYHO KOJIMYECTBO HA 3EOJIMT
KAKO JAEJIYMHA 3AMEHA 3A IEMEHT

PE3UME

JenyMHaTta 3aMeHa Ha MOPTJIAHA LEMEHT CO CKOJOIIKM MaTepHjajd HE CaMO IITO OBO3MOXYBa
HamaiyBame Ha emucunte Ha CO; 1 3a1mTesia Ha €Heprija Mpu MPOU3BOJACTBOTO HA IIEMEHT, TYKY UCTO
Taka 00e30e1yBa MaTepujal co 3aJOBOJIMTEITHN MEXaHUYKH KapaKTEPUCTHKU ONPaBaH 3a ynorpeda Bo
rpafie)xHaTa HHAyCTpHja. Bo 0BOj Tpy. ce NpuKakaHU €KCIICPUMEHTAIHU UCIIUTYBAbE 33 YTBPLYBabe
HAa MEXaHMYKUTE CBOjCTBA Ha OETOHOT, KOPUCTEJKH 3€OJHMT JOOHMEH oJ pyaHUKOT CTpMOIll, Kako
JelyMHa 3aMeHa 3a IleMeHT. McnuTyBamara ce M3BpIICHH Ha MET TUMa OSTOHCKHM MPUMEPOLH, Kaje
KOJIMYMHATA Ha 3€0JIMT KaKo 3aMeHa 3a 1eMeHT Bapupa on 10% mo 40%. Ilputoa, n3mepena e jakocrta
Ha [IPUTUCOK HA CUTE IPUMEPOLH U HAIIPaBEHa € cropenda Ha JOOUEHUTE Pe3yITaTH.

KJZyHHu 36op06u: 3eojiunt, 6€m0H, yemenm, jaKOCWl HA npumucCoK, mMexanuiku Kapakmepucmuku

Maja MATESKA', Ana TROMBEVA GAVRILOSKA?

MECHANICAL PROPERTIES OF CONCRETE WITH DIFFERENT AMOUNT OF
ZEOLITE AS A PARTIAL SUBSTITUTE FOR CEMENT

SUMMARY

Partial replacement of Portland cement by environmental materials, not only provides a reduction in
CO; emissions and energy saving in cement production, but also provides a material with satisfactory
mechanical properties justified for use in construction industry. This paper showcases experimental tests
for determining the mechanical properties of concrete, using zeolite obtained from the Strmos mine, as
a partial replacement for cement. The procedure of examination was performed on series of concrete
specimens where the amount of zeolite as a cement replacement varies from 10% to 40%. In doing so,
the compressive strength of all samples was determined and a comparison of the obtained results was
made.

Keywords: zeolite, concrete, cement, compressive strength, mechanical properties
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1. BOBE]

IlemenTHaTa UHAYCTpHja € OATOBOPHA 3a OKoJy 7% ox riobanHaTta emucuja Ha CO,. McraTta He camo
IITO TPOLIM TOJieMa KOJNMYMHA Ha E€HEpruja, HO BO HCTO BpeMe KaKO IJIaBHA CYpPOBHMHA KOPHCTH
BapoBHHUK, K0j emutyBa CO,, eieH 0] MTaBHUTEC BUHOBHHIIM 3a INI0OATHOTO 3aToruTyBame (Martinez-
Ramirez et al 2006). Co pa3BuBame Ha TEXHOJOTHjaTa M 3rojieMyBam-€¢ Ha CBECTa Kaj jaBHOCTAa 3a
rIo0aIHUTE EKOJIOIIKK Ipaliama, [eMEHTHATa WHIYCTpHja aKTUBHO Oapa HAYMHHU 32 YCBOjyBame
Pa3NUYHU TEXHOJIOTHH, KaKO U Jia TH MPOIIUpAT CBOUTE PECYPCH U J]a TH 3aMeHAaT MMOCTOJHUTE CYPOBHUHU
CO TIOEKOJIOMIKY MaTepHjaid. JlenmyMHa 3aMeHa Ha MOPTIIAH]T IIEMEHTOT OJ1 S/ICH WU TMOBEKe EKOJIONIKU
MaTepHjaiH, JIeTeuKa Meresl, METaKaoJIrH, 3€0JIUT, He caMo ITO 00e30e1yBa HaMalyBambe Ha EMHUCHja
Ha CO; 1 3ammTea Ha €HEpryja BO IPOU3BOACTBOTO HA IEMEHT, HO HCTO Taka 00e30e1yBa U MaTepHjai
CO 3a/IOBOJIUTEITHU MEXaHUYKH KapaKTEPUCTUKH ONpPaBlaH 3a ynotpeda Bo rpajexxHara nuaaycrpuja (Jo
et al 2012).

PaznuuHu ncTpakyBauu IIaBHO Ce€ KOHIIGHTpUpaIe Ha MEXaHUYKUTE CBOjCTBA, KOU HAjueCcTo Ce cMeTaaT
3a HajBa)KHU 3a OMIIO KOj TUI Ha OeToH. [loOueHnTe pe3ynTaT 3a MEXaHHYKHUTE CBOjCTBA IMOKAXXyBaaT
JIeKa 3C0JITHTE, TIPUPOAHY BYJIKAHCKU ITOPO3HH TY(OBHU CO TOJIEeMa COPITHUBHA CIIOCOOHOCT, roJieMa
crienMpUYHa TOBPIIMHA U MaJla crienu(UYHA TSKUHA, KOH 110 CBOjJOT XEMHCKH COCTaB MPETCTaByBaaT
XUIPUPAaHU aTyMHHOCHJIMKATH OJ alKalHH M 3€MHO-AIKAJHW METald, 3HAYUTEIHO T'M MEHyBaaT
cBojcrBara Ha OetoHoT (Karakurt and Topcu 2009).

ToneM Jen MCHUTYBama ce HANPAaBeHU 3a Jia Ce MPOICHH KaKo 3COJNUTOT BIHMjac Bp3 CBOjCTBAaTa Ha
OCTOHOT JIOKOJIKY C€ HaMaJli KOJy4HHATa Ha LIEMEHTOT U MCTaTa Ce 3aMEeHH cO 3e0iHuT. VcnuTyBamara
Ha Madandoust moka)kyBaar Jeka JOKOJIKY KOJHYMHATA HA EMEHT BO OETOHOT ce Hamanu 3a 20% u
fcTaTa ce 3aMEHH CO 3€O0JINT, jJaKOCTa Ha IPUTHUCOK BO MPBHUTE 7 JICHA IPACTUYHO CE HAMallyBa, 10JIeKa
ucrara Ha 28 eHa e IpHOIIIKHO UCTa CO jaKoCcTa Ha MPUTUCOK Ha cranaapaeH 6eton (Madandoust et
al 2013). Bo cBoure wuctpaxysama Vejmelkova mokakana geka JOKOJIKYy BO OetoHoT 40% o1
IIEMEHTOT C€ 3aMEHHU CO 3C0JIUT, jaAKOCTa Ha MPUTHUCOK APACTUYHO Ce HaMalyBa BO Cropenda co jakocTa
Ha TPUTHCOK Kaj cranpapiaeH 0eton (Vejmelkova 2012). Najimi ru uctpaxkyBaj cBojcTBara Ha 6E€TOH
KOj COAP)KU MPHUPOJACH 3€0NHUT (TUI KIMHONTHIIONUT) co 3ameHa Ha 10% u 15% ox 1ieMeHToT u
BOJIOIIEMeHTeH (akTop Bo cooxHoc o 0,5. IIpu Toa 6mito 3abenekxaHo JeKa jakocTa Ha MPUTHCOK Ha
OETOHOT LITO COAPIKU MPHPOICH 3C0JIUT OMIIa MOHUCKA O OHAaa Ha KOHTPOJHUOT OETOH 3a CTapOCT OJ1
7 neHa, [oAeka rak Ouia eHaKBa WIIM MAJIKy OBHCOKA OJ1 KOHTPOJIHHOT OETOH 3a cTapocT of 28 neHa
(Najimi 2010). Poon xopucTen mpupoeH 3e0JIUT KAKO 3aMEHa Ha ITPOIICHT O] IEMEHTOT M I'0 UCITUTYBAaJl
e(eKTOT Ha BOJOIEMEHTHHOT (DaKTOp BP3 KOH3MCTEHIMjaTa Ha LeMEeHTHUTE nactu. ONITo 3eMeHo,
3€0JIUTOT BO LIEMEHTHH ITaCTH CO MOHHM30K BOJOIEMEHTEH (DAKTOp MPUAOHEN KOH IOrojieMa jakocT Ha
npuTrcok Ha nactute (Poon et al 1999). Cemak riaBHa yiora urpa COCTaBOT Ha 3€0JUTOT KOJIITO ce
KOPUCTH, 11a TIOpaJy TOa MOXKaT Ja ce 1o0ujar Hajpa3nuynu pesynrtaru (Basyigit 2010).

Bo oBoj Tpyn ce mpukakaHW EKCIIEPUMEHTaIHH HCIHTYBama 3a OIpeleNyBamkbe Ha MEXaHHYKHATE
KapaKTepUCTHKH Ha OCTOH BO UMM COCTaB C€ KOPHUCTH 3€OJIHT AOOMEH o1 pyAHUKOT CTpMoII, Kako
JleTyMHa 3aMeHa Ha reMmeHT. OnuillaHa € TocTalKaTa Ha HCIUTYBamkETO CIPOBEJCHA Ha CEpUU
OETOHCKH KOIIKH KaJie KOJIMYECTBOTO Ha 3€OJUT KaKo 3aMeHa 3a neMeHT Bapupa ox 10% mo 40 %. [pu
TOa, OTIPEJICIICHA € jaKOCTa Ha TIPUTHCOK Ha CHUTE MPUMEPOITH W HAIpaBeHa € cropeada Ha JoOWeHNTe
pe3yaTaTu.

2. EKCIHHEPUMEHTAJIHU METO/JU 3A UCITUTYBAIBE

ExcriepiMeHTaTHUTE WCIHTYBama 3a ONpeJeTyBambe Ha jaKOCTa Ha IMPHUTUCOK Ha OCTOHCKHTE
npuMepoln Oea U3BeACHU BO 3aBOJIOT 3a MCIUTYBamhe Ha MaTepUjaid U Pa3Boj HA HOBH TEXHOJIOTUH
,»Ckormje“ A.Jl. Cromje. EkciepuMeHTaTHITEe UCHIUTYBaka O0ea U3BPIIEHU CO Il JIa Ce MCIUTA KaKo
MpoMeHaTa Ha KOJIMYECTBOTO Ha 3€0JINTOT, KAaKO 3aMeHa 3a el Off IEMEHT, BiIjae Bp3 MEXaHUIKUTE
CBOjCcTBa Ha OCTOHOT. 3a Taa It Oca HalpaBEHW IE€T Pa3IMYHU THIA Ha OCTOH: KOHTOPJICH OCTOH,
eTajioH; 6eToH Bo K0j 10% oz IeMEHTOT € 3aMEHET CO 3€0JIHT; 0eTOH BO K0j 20% 0] IEMEHTOT € 3aMEHET
co 3eonuT; 0eToH BO K0j 30% 0] IEMEHTOT € 3aMEHET CO 3e0JIUT U 0eToH BO K0j 40% o1 IeMeHTOT ¢
3aMEHET CO 3€OJHT. 3a MPUIIPEMamke Ha pelentypara Ha OCTOHOT Oelle KOPUCTEH YUCT TOPTIIAHI
nemeHnt 6e3 nomarory CEM 1 42.5, kako arperar Oeiie KOPUCTEH BapOBHUK BO YEeTUPH (Ppakiuu, a
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BOJIOLIEMEHTHHOT (aktop (W/c) m3HecyBamre 0,5. KommuecTBOTO Ha MarepujaiuTe BO COCTaB Ha
KOHTPOJIHHOT OETOH € mpuKakaH Bo Tabemnal.

Marepujauu (kg/m®)

IToptnann ement 6e3 momarorn CEM 142.5 360
Boga 180

Boponementen dakcrop (w/c) 0,5
ArperaT Bo 4yeTHpH (paKkLuu: 1880

I ppaknuja 0-4 co yuectso ox 40% 752

II ¢ppakmmja 4-8 co yuecto ox 10% 188

IIT ¢ppaxmmja 8-16 co yaectBo ox 20% 376

IV ¢pakunja 16-31,5 co yuectBo ox 30 % 564
Bkynno 2420

TaGena 1. KonngyecTBo Ha MaTepHjail BO COCTaB Ha KOHTPOJIHUOT OE€TOH

Co men ma ce mobwjar BEpOAOCTOJHH pPE3yJTaTH, CKCIEPUMEHTATHUTE WCIUTYyBama Oca M3BPIICHU
cornacao crangapaute MKC EN 12390-1:2013 (McnuryBame Ha ousperHat 6etoH - [en 1: ®opwma,
JIUMCH3UH U IpYTH Oapama 3a npuMeponu u kanamu), MKC EN 12390-2:2009 (McnutyBame OI[BpCHAT
oetoH - Jlen 2: [loaroTByBame W KOH3EPBHPAHE HA IPUMEPOIN 32 UCIUTYBame Ha IBpcTHHA) 1 MKC
EN 12390-3:2009 (McnutyBame ouspcHat 0eToH - [en 3: [[BpcTHHA HAa MPUTHCOK Kaj HCITUTYBAaHUTE
npumMepolnn). McnuryBamara 6ea U3BpIICHU Ha MPOOHU TeJia BO BHJ| Ha KOLIKK cO quMeH3uu 15/15/15,
Bo cornacHo co ctarmapaor MKC EN 12390-1:2013(McrutyBame Ha omnBpctHaT OetoH - [em 1:
®dopma, TMMEH3UHU U APYyTH Oapama 3a MpuMeponH U kanan). [1o BrpamxyBameTo Ha OETOHCKHTE KOIIKH
Kajanute Oea CMECTEHHM BO MPOCTOpHja 3a KIUMAaTH3alHja CO pelaTHBHA BIAXKHOCT >95% w
temnepatypa ox 20+3°C, 3a Bpeme of Tpu JeHa. [lo TpeTnot nen 6eToHckuTe Tena 6ea 0ciI000AeHN 0]
KaJjarmoT, COOJIBETHO O3HA4YeHH, M OCTAaBEHH BO KIMMAaTH3WpaHa TMPOCTOpPHja Ce€ OO0 HHUBHOTO
ucnutyBame, criopen cranaapnor MKC EN 12390-2:2009 (McnutyBame onspcHar OetoH - Jen 2:
[ToaroTByBame 1 KOH3EPBUPAKHE HA TPUMEPOLIN 32 UCIIUTYBakhE Ha I[BPCTHUHA).

3a ucnutyBameTo Oea M3TOTBEHHU 45 POOHU Tena, 3a CeKOj THUT Ha OETOH 1Mo 9 KOIKY 1 Ha UCTHTE Oerlre
UCIIMTaHA jaKOCTa Ha MPUTUCOK rocie 3, 7 u 28 nena. [IpoOHUTE Tena 6ea 03HaYeHU BO 3aBHCHOCT O]
TOAa 3a KOj TN Ha OETOH cTaHyBa 300p. [IpuMeporuTe o1 KOHTPOIHUOT OETOH, eTaOH, Oea 03HAUCHU
co E, mpumepornute on O6etoH Bo k0j 10% o 1IeMEHTOT € 3aMeHeT co 3eonuT Oea o3HadeHu co b10,
nmpuMepoIuTe 01 6eToH Bo kK0j 20% oJ1 IeMeHTOT € 3aMeHeT co 3eonuT co b20, mpumeporure o 6eToH
B0 k0j 30% o0 LEMEHTOT € 3aMeHeT co 3eonuT co B30 u mpumeporute ox O6etoH BO koj 40% on
LIEMEHTOT € 3aMEHET CO 3€0IUT Oea o3HaueHu co b40.

ExcriepiMeHTaIHOTO HCTIMTYBamke Ha jaKOCT Ha TMPHUTHCOK OeIle M3BPIICHO Ha XUApayJIH4YHA Ipeca
A.J.AMSLER 0-2000 KN, co makcumansa cuna o7 2000 KN. IIpoOHuTe Tena 6ea mocTaBeHH Taka IITo
cujaTa Ha MPUTHCOK Oelle amiunMpaHa HOPMaTHO Ha MpPaBelOoT Ha BrpagyBamke Ha OETOHOT.
OnToBapyBameTo belre HaHeceHo co 6p3uHaTa o 0,6:0,4 N/m*/sec, cé 10 ToM Ha IPOGHOTO TETIO, IPH
mTo Oelre perucTpupana cuiara Ha jom F, Crmka 1.
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Cnuka 1. Ypen 3a ucnuTyBame Ha jJaKOCT Ha IPUTHCOK

3. AHAJIN3A HA PE3YJITATH

Cnopex MKC EN 12390-3:2009 (McmuryBame onBpcHat 6eToH - Jlen 3: LIBpcTrHA Ha MPUTHCOK Kaj
UCIUTYBAaHUTE TPUMEPOIIH), jAKOCTA Ha MIPUTHUCOK Ha OETOHCKUTE KOIIKH CE OMpe/eayBa Kako CpeaHa
BPEIHOCT O] jaKOCTa Ha MPHUTHUCOK Ha Tpu NpoOHU Tena. Bo Tabena 2 mpukakaHH ce CPEeIHHTE
BPETHOCTH Ha MEXaHHYKUTE KaAPaKTEPUCTUKH, BOTYMEHCKA Maca 1 jaKOCT Ha TIPUTHCOK, 3a TIETTEe TUTIa
Ha OETOH TPH CTapoOCT Ha MpuUMeponuTe o1 3 neHa, Bo Tabena 3 mpu cTapocT Ha MpUMepoLUTe Of 7
JeHa 1 Bo Tabena 4 mpu cTapocT Ha MPUMEpONHTE O] 28 JieHa.

Ipumepox npu Bosymencka maca Cuiia na jom JaxkocT HA NPUTHCOK
cTrapoct oa 3 1eHa (kg/m®) F (kN) o, (MPa)
E 2469 700 31,1
b10 2410 612 27,2
520 2420 587 26,1
530 2390 432 19,2
540 2390 348 15,5

Tabena 2. CpeJ:[Ha BpEAHOCT Ha (I)I/I3I/I‘{KO—MCX3HI/I‘-IKI/ITG KapaKTCPUCTUKHU Ha OETOHCKU apumMeponu co
PA3JINYHO KOJHUYCCTBO HA 3COJIMT IPU CTAPOCT O 3 JCHa

IpuMepox npu Bosymencka maca Cuia Ha oM JakocT Ha mpUTHCOK
crapoct ox 7 1eHa (kg/m®) F (kN) op (MPa)
E 2440 787 35,0
k10 2440 810 36,0
520 2420 709 31,5
530 2410 682 30,3
540 2390 626 27,8

Tabena 3. Cpedna epednocm Ha PUIUYKO-MEXAHUUKUME KAPAKMEPUCTMUKYU HA OEMOHCKU RPUMEPOYU
CO PA3IUUHO KOAUYECME0 HA 3€0UM NPU cmapocm o0 7 0eHa
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IIpuMepoK npH Boaymencka maca Cuiia Ha jiom JakocT HA IPUTHCOK
cTapocT ox 28 neHa (kg/m®) F (kN) op (MPa)
E 2440 1017 45,2
b10 2410 1020 453
b20 2420 1053 46,8
b30 2370 917 40,7
b40 2370 833 37,0

Tab6ena 4. CpeL[Ha BPEAHOCT Ha (I)I/I3I/I‘IKO—MCX3.HI/I1IKI/ITC KapaKTCPUCTUKHU Ha OETOHCKU apumMeponu co
PAa3JINYHO KOJIMYCCTBO Ha 3COJIUT IIPU CTAPOCT O 28 JCHa

JlokoKky ce pasriiefiaat ToOMEeHUTE pe3ysITaTH 3a BOJIyMEHCKaTa Maca Ha OETOHCKUTE PUMEPOIH MOKE
Jla Ce 3aKIy4d JeKa CO 3rojeMyBamke Ha KOJMYECTBOTO HAa 3COJIUT BO OETOHOT, a CO TOa U
MPOMOPIIMOHATHO HaMallyBameé Ha KOJIMYECTBOTO Ha I[EMEHT, BOJIYMEHCKaTa Maca Ha OCTOHCKHUTE
MIPUMEPOIN Ce HaMaTyBa.

JAKOCT HA IIPUTUCOK

(MPA)

4

HAITPEI"AGE
[
S

3 meHa 7 oeHa 28 mena
E 311 35 452
510 272 36 453
520 26.1 B 46.8
B30 19.2 303 40.7
—+—E40 155 278 37

Cruka 2. 'padmuku npukas Ha jakocTa Ha IPUTHCOK HA OETOHCKHUTE MPUMEPOLH

On pesynTaTuTe NMpUKakaHd Bo Tabema 2 Moke Aa ce 3aKIydd JeKa MPH CTapOoCT Ha OSTOHCKUTE
OpUMepoLr o] 3 JIeHa, Kaj CHTe PUMEPOILH, BPEIHOCTHTE Ha JaKOCTa HA TIPUTHCOK CE€ HaMayBaaT co
3rojieMyBambe Ha KOJMYECTBOTO Ha 3€0JIUT BO COCTaBOT Ha O0eToHOT. Kaj 6eTonckure npumepornn 510 n
b20 jakocta Ha TPUTHUCOK € PEUYUCH TMOJCTHAKOBO HamalleHa BO OJHOC Ha KOHTPOJHHOT OETOH.
JpactrdeH mam Ha jakocTa Ha MPUTHCOK € 3abenexaH kaj mpuMmeponute b30 u HCTHOT ce 3rojleMyBa
oypu 10 50% kaj mpumeponute b40. Co 3ronemyBame Ha crapocTa Ha OCTOHCKHATE NMPUMEPOLU
3a0enekaHo e JeKa pas3liKara ImoMery jakocTa Ha HMPUTHCOK Ha KOHTPOIHHOT OSTOH M OCTaHATHUTE
THTIOBY Ha OETOH He € TONKY rojema. [Ipu crapoct o 7 meHa, kaj mpumeponute b10 ce qobuBaar 61aro
3roJIEMEHH BPEIHOCTH Ha jaKOCTa Ha MPUTHCOK, a HAJrojieM IaJ Ha jaKkocTa MOBTOPHO CE jaByBa Kaj
npumepounte b40 HO 0BOj mar 3a 25% Bo ogHOC Ha KOHTpONHMOT OetoH, Tabena 3. MHTepecHu
pe3yINTaTH ce J0OUBaart Ipy CTapOCT Ha OETOHCKUTE puMepoI o1 28 neHa, Tabena 4. Co HamanyBame
Ha 11eMeHTOoT 3a 10%, ogHocHO 20%, BpEAHOCTHTE HA JAKOCTA HA MIPUTUCOK CE 3roJIeMyBaar, U T0a Kaj
npumepounte b20 3a 4% Bo omHOC Ha pesynratute A0OMEHHM Kaj KOHTpOJIHMOT OetoH. Ho co
3TOJIEMyBamke Ha JIOAATOKOT Ha 3€O0JUT, OJHOCHO HaMmalyBame Ha meMmeHToT Haja 20%, jakocra Ha
MPUTHUCOK ce HamamyBa 3a 10% kaj mpumeporure b30 omrocHo 22% kaj mpumeporute b40.
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4. 3AKJIYYOK

Bo 0Boj TpyZ ce M3I0KEHH pe3yNTaTH Of eKCIICpUMEHTAIHUTE UCIIUTYBamka Ha TEeT TUMa Ha OeTOoH:
KOHTOpJIEH OeTOH, eTajyioH; 0eToH BO K0j 10% 01 IEeMEHTOT € 3aMEHET CO 3e0JUT; 0eTOH BO Koj 20% of
[IEMEHTOT € 3aMEHET CO 3e0JIUT; 0eTOH BO K0j 30% O/ IEMEHTOT € 3aMEHET CO 3COUT U OETOH BO KOj
40% on EeMeHTOT e 3aMEeHeT CO 3e0NUT. PesynraTure mpe3eHTHpaHH BO OBOj TPYA MOTBpIAMja JeKa
NPUPOIHUTE 3€0JIMTH MOXKE JIa CE CMETaaT 3a EKOJIONIKH BP3UBHH CPEJCTBA CO TIOTCHIUjall 1a 3aMEeHAT
Jieql 01 IEeMEHT BO cocTaB Ha 0eToHOT. Cemnak, HaKo O €KOJIOIIKA TJieTHa TOUKa 01 OMIIO MOXKEIHO 2
ce KOPUCTAT HAjrOJIeMU KOJIMYMHHU Ha 3€0JMT BO MPOM3BOJCTBOTO Ha OETOH, CTENEHOT Ha 3aMeHa Ha
[EMEHTOT 3a IOJITOTOBKAa Ha OETOHCKaTa MeIIaBUHA WMa OJpEJNeHH OorpaHuuyBama. JlOKONKy ce
3aMeHar noseke o 20% o1 MacaTa Ha IEMEHT CO 3€0JIUT, jaKOCTa Ha MPUTHCOK C€ HaMaJIl MHOTY Op30.
Kako 3a kpaj Moxe Jla ce KOHCTaTUpa Jieka, MOpajid Heropara HajrojieMa jakocT Ha MPUTHCOK o1 46,8
MPa u momanaTta BOJyMEHCKa Maca BO OJHOC Ha KOHTPOIHHOT OeToH, OeToHOT Bo koj 20% of
HEMEHTOT € 3aMEHET CO 3€0JIUTE € HAjCOOABETHOTO PELICHHE Mely MEeTTe aHAIW3UPaHU THIIOBH Ha
OeToH.

PE®EPEHIIN

[1] Basyigit C, “The effect of zeolit rate on the thermo-mechanical properties of concrete”, International
Journal of the Physical Sciences, Vol. 5(7), 968-971, 2010.

[2] Jo B.W, Choi J.S, Kim Y.K, Lee Y.S, “An Experimental study on the Fundamental Properties of
Zeolite Cement Mortar”, Tech Science Press, SL, vol.7, no.1, 19-27, 2012.

[3] Karakurt C, Topcu I.B, “Effect of Blended Cements Produced with Natural Zeolite and Volcanic
Tuffs on Sulfate Resistance of Concrete”, 1st International Syposium on Sustainable Development,
150-156, 2009.

[4] Madandoust R, Sobhani J, Ashoori P, “Concrete made with zeolite and metakaolin: a comparation
on the strength and durability properties”, Asian Jurnal of Civil Engineering, Vol 14, No. 4, 533-
543,2013.

[5] Martinez-Ramirez S, Blanco-Varela M.T, Erefia I, Gener M, “Pozzolanic reactivity of zeolitic rocks
from two different Cuban deposits: Characterization of reaction products”, Applied Clay Science 32,
40-52, 2006.

[6] Najimi M. “Investigating the properties of concrete containing natural zeolite as supplementary
cementitious materials”, Building and Housing Research Center, Report No. AF.TO-PO.N89/1.
Tehran, 2010.

[7] Poon CS, Lam L, Kou SC, Lin ZS. “A study on the hydration rate of natural zeolite blended cement
pastes”, Construction and Building Materials 13, 427-432, 1999.

[8] Vejmelkova E, Ondracek M, Cerny R, “Mechanical and Hidric prpoerties of High-Performance
Concrete Containing Natural Zeolites”, World Academy of Science, Engineering and Technology,
262-265,2012

[9] MKS EN 12390-1:2013, “Testing hardened concrete - Part 1: Shape, dimensions and other
requirements for specimens and moulds”, CEN/TC 104.

[10] MKS EN 12390-2:2009, “Testing hardened concrete - Part 2: Making and curing specimens for
strength tests”, CEN/TC 104.

[11] MKS EN 12390-3:2009, “Testing hardened concrete - Part 3: Compressive strength of test
specimens”, CEN/TC 104.

734



	FRONT COVER
	INTRODUCTION
	CONTENTS
	01-MA
	MA-1 DYNAMIC BEHAVIOR OF SATURATED COHESIONLESS SOILS BASED ON ELEMENT AND 1-G EXPERIMENTS
	MA-2 STRUCTURAL JOINTS MODELLING AT DAM ST. PETKA
	MA-3 EXPERIMETAL AND THEROETICAL RESEARCH OF THE EFFECTS OF COMPOSITE STEEL AND CONCRETE STRUCTURES FOR CONTINUOUS BEAMS
	MA-4 ADVANCED APPROACH TO SEISMIC HAZARD ASSESSMENT FOR REPUBLIC OF MACEDONIA
	MA-5 EXPERIMENTAL AND ANALYTICAL RESEARCH OF  DYNAMIC RESPONSE OF TIMBER STRUCTURES ASSEMBLED OF CROSS-LAMINATED TIMBER PANELS
	MA-6 SEISMIC VULNERABILITY ASSESSMMENT OF TYPICAL MULTI SPAN REINFORCED CONCRETE BRIDGES IN REPUBLIC OF MACEDONIA
	MA-7 BASIC PROJECTS FOR THE INDUSTRIAL CAPACITY COMPLEX OF TECHNICAL TEXTILE IN DTIZ STIP
	MA-8 CONSTRUCTION OF “STATE ARCHIVE OF R.MACEDONIA, CONSTITUTIONAL COURT OF R. MACEDONIA AND ARCHAEOLOGICAL MUSEUM”
	MA-9 KEY RISK INDICATORS AND KEY PERFORMANCE INDICATORS FOR REDUCING RISK IN TESTING COMPRESSIVE STRENGTH OF CONCRETE
	MA-10 DAMAGE DETECTION OF BUILDING STRUCTURES THROUGH EXPERIMENTAL IDENTIFICATION OF ONE MODAL EIGENPAIR
	MA-11 HARMONISED REGIONAL SEISMIC HAZARD MAPS
	MA-12 MANUFACTURING PLANT FOR MODULAR HOUSING
	MA-13 CONSTRUCTION AND INSTALLATION WITH THE LAUNCH OF A STEEL STRUCTURE ON THREE COMPOSITE BRIDGES WITHIN THE HYDRO TECHNICAL PROJECT DEVOL HYDRO POWER, REPUBLIC OF ALBANIA

	02-IP
	IP-1 CURRENT & FUTURE CHALLENGES IN STRUCTURAL DESIGN OF OFFSHORE WIND ENERGY STRUCTURES
	IP-2 SEISMIC RISK MANAGEMENT – MACEDONIAN EXPERIENCE
	IP-3 ON A MULTI-HAZARD FRAMEWORK FOR ASSESSING RISK, ROBUSTNESS AND RESILIENCE OF STRUCTURES AND INFRASTRUCTURE SYSTEMS
	IP-4 DAMAGES DUE TO EARTHQUAKE SEQUENCES IN CENTRAL ITALY
	IP-5 DISASTERS AND CIVILIZATION ARE INSEPARABLE
	IP-6 ESTIMATION OF SEISMIC PERFORMANCE OF REINFORCED CONCRETE FRAME STRUCTURES
	IP-7 VULNERABILITY AND REPAIR POSSIBILITIES OF FIRE DAMAGED REINFORCED CONCRETE STRUCTURES
	IP-8 WIND ACTIONS ON STRUCTURES ACCORDING TO EUROCODE - SPECIFICITY COMPARED TO THE PREVIOUS REGULATIONS
	IP-9 A WEB-BASED APPLICATION FOR INTERACTIVE SEISMIC AND FLOOD RISK ASSESSMENT
	IP-10 FLAMMABILITY TESTS FOR DIFFERENT KIND OF BUILDING INSULATION MATERIALS

	03-RA
	RA-1 MULTI-HAZARD EFFECT ON STRUCTURES
	RA-2 THE ROLE OF FRP STRTURUCAL SYSTEMS FOR STABILITY IN RC BRIDGES DURING NATURAL DISASTERS
	RA-3 SEISMIC MONITORING OF DAMS IN RM-EXPERIENCE AND RESULTS
	RA-4 SEISMIC VULNERABILITY OF EXISTING MASONRY BUILDINGS IN MACEDONIA, PROJECT SEISMOZID
	RA-5 THE CONSEQUENCES OF AIRCRAFT CRASH UPON NUCLEAR POWER PLANT
	RA-6 HUMAN AS A HAZARD FACTOR
	RA-7 PRELIMINARY SEISMIC RISK ASSESSMENT FOR THE CITY OF SKOPJE, R.M.
	RA-8 RISK ASSESSMENT OF HEALTH AND SAFETY AT WORK FOR FACILITIES DEMOLITION

	04-SE
	SE-1 SHAKING TABLE TESTS OF THREE-STOREY RC BUILDING WITH HOLLOW AND SOLID MASONRY INFILL
	SE-2 ASSESMENT OF THE CAPACITY OF AN EXISTING STRUCTURE AS A RESULT OF STRUCTURAL CHANGES DURING EXPLOATATION PERIOD
	SE-3 ASSESSMENT OF THE LIQUEFACTION POTENTIAL – EXPERIENCE IN MACEDONIA
	SE-4 MECHANICAL BEHAVIOUR OF MASONRY REINFORCED WITH READY-MIX REPOINTING MORTAR
	SE-5 THEORETICAL BASIS OF THE SUBSTRUCTURE METHOD FOR THE DYNAMIC EARTHQUAKE ANALYSIS OF ARCH DAMS 
	SE-6 ANALYSIS OF HYDRODYNAMIC PRESSURES ON ARCH DAMS USING THE SUBSTRUCTURE METHOD
	SE-7 SEISMIC RESPONSE OF RC FRAME STRUCTURE MODELLED ACCORDING TO EN 1992-1-1 AND EN 1992-1-2
	SE-8 SOIL MODELLING EFFECTS ON SEISMIC ANALYSIS OF FRAMES
	SE-9 DEVELOPMENT OF NUMERICAL MODEL OF FINITE ELEMENTS FOR DYNAMIC ANALYSIS OF SOIL MEDIA
	SE-10 VALIDATION OF ENHANCED FREQUENCY DOMAIN DECOMPOSITON BY FORCE VIBRATION TESTS ON NINE- STORY RC BUILDING
	SE-11 SEISMIC UPGRADING OF OLD INDUSTRIAL RC STRUCTURES BY TENTION-TIES UNDER SHEAR EFFECTS A NUMERICAL APPROACH
	SE-12 SEISMIC HYDRODYNAMIC LOAD ANALYSIS
	SE-13 DYNAMIC ANALYSIS OF RC BRIDGE BEAM VERSUS SHELL DECK MODEL
	SE-14 PERFORMANCE OF MOMENT RESISTANT PRECAST BEAM-COLUMN CONNECTIONS SUBJECTED TO CYCLIC LOADING
	SE-15 METHODS FOR DETERMINATION OF CENTRE OF STIFFNESS AND TORSIONAL RADIUS IN MULTI-STOREY BUILDINGS
	SE-16 ASSESSMENT OF RC FRAME SEISMIC PERFORMANCE RELATED TO CONFINED CONCRETE MODELS
	SE-17 ASSESSMENT AND NONLINEAR DYNAMICS ANALYSIS OF BASE ISOLATION FOR MULTI-STORY RC BUILDING
	SE-18 EXPERIMENTAL TESTING OF PHYSICAL MODEL OF TELECOMUNICATION TOWER ON VODNO, SKOPJE, R.MACEDONIA
	SE-19 SEISMIC SAFETY AND STABILITY OF THE “SHKPERDA FAMILY HOUSE”
	SE-20 STRUCTURAL BEHAVIOUR OF RC BUILDING WITH SEISMIC ISOLATORS
	SE-21 SYSTEMATIZATION OF FAILURE MODES AT MASONRY INFILLED FRAMES 
	SE-22 APPLICATION OF BASE ISOLATION SYSTEMS AT PLAN IRREGULAR STRUCTURES
	SE-23 SHORT REVIEW OF PASSIVE CONTROL SYSTEMS

	05-FE
	FE-1 FIRE SCENARIO INFLUENCE ON THE FIRE RESISTANCE AND BEHAVIOUR OF RC FRAME STRUCTURE
	FE-2 INFLUENCE OF CHIMNEYS ON FIRE SAFETY OF TRADITIONAL WOODEN HOUSES
	FE-3 LABORATORY TESTS AND ANALYSIS OF R.C. CONSTRUCTIONS AFTER THE ACTIVITY OF FIRE
	FE-4 WEATHER EXTREMES AND PARTICULAR RISKS FOR STRUCTURES
	FE-5 MODELING INFLUENCE OF ICE ON WIND TURBINE STRUCTURE
	FE-6 CONTRIBUTION OF FIRE BARRIERS IN FIRE PERFORMANCE OF ETICS FACADES WITH COMBUSTIBLE MATERIALS 
	FE-7 INFLUENCE OF CROSS-SECTION DIMENSIONS AND ТYPE OF ISOLATION ON FIRE RESISTANCE OF TIMBER COLUMNS
	FE-8 SNOW LOADING ON STRUCTURES IN REPUBLIC OF MACEDONIA AND NATIONAL ANNEX MKS EN 1991-32012 NA2014
	FE-9 TESTS AND NUMERICAL SIMULATION OF SFRC SLABS EXPOSED TO FIRE

	06-CS
	CS-1 DURABILITY OF FIBRE REINFORCED CONCRETE FLOORS 
	CS-2 NUMERICAL PROCEDURE FOR LONG-TERM DEFLECTION PREDICTION OF RC ELEMENTS SUBJECTED TO DIFFERENT LOAD HISTORIES
	CS-3 HIGH-VOLUME FLY ASH CONCRETE PART 1 MECHANICAL PROPERTIES AND K-VALUE CONCEPT
	CS-4 INFLUENCE OF THE SECTION MESH AND INTEGRATION METHOD ON DESIGN OF RC SECTION UNDER BIAXIAL LOAD
	CS-5 HIGH VOLUME FLY ASH CONCRETE PART 2 DURABILITY AND RADIOLOGICAL PROPERTIES
	CS-6 INFLUENCE AND THE POSSIBILITY OF TAILINGS FROM THE COPPER MINE RADOVIS ON THE PROPERTIES OF SCC CONCRETE
	CS-7 INFLUENCE OF THE WASTE FROM THE PROCESS OF STEEL ALLOYING AS A PARTIAL REPLACEMENT OF AGGREGATE ON CONCRETE PROPERTIES
	CS-8 APPLICATION OF RITZ METHOD IN ANALYSIS OF TIMBER-CONCRETE COMPOSITE SYSTEM 
	CS-9 MECHANICAL PROPERTIES OF CONCRETE WITH DIFFERENT AMOUNT OF ZEOLITE AS A PARTIAL SUBSTITUTE FOR CEMENT
	CS-10 EXPERIMENTAL ANALYSIS OF CONTINOUS BEAMS MADE OF SELF-COMPACTING CONRETE
	CS-11 STRENGTHENING CONTINUOUS RC BEAMS WITH GFRP BARS
	CS-12 REPAIR AND REHABILITATION OF PREFABRICATED REINFORCED CONCRETE PORTAL FRAMES
	CS-13 DEFLECTION CONTROL OF REINFORCED CONCRETE ELEMENTS ACCORDING TO EUROCODE 2
	CS-14 USE OF RECYCLED MATERIAL FROM ELECTRONIC WASTE AS COMPONENT FOR PRODUCTION OF CONCRETE
	CS-15 AN ADAPTIVE FE2 METHOD FOR SMA-FIBER REINFORCED MATERIALS
	CS-16 BASIC PROPERTIES OF CONCRETE WITH AGGREGATE BASED ON ALKALI ACTIVATED FLY ASH
	CS-17 GLOBAL CAPACITY INCREASEMENT WITH RC JOINT STRENGHTENING
	CS-18 DESIGN OF REINFORCED CONCRETE WALL WITH TWO OVERHANGS USING STRUT-AND-TIE METHOD
	CS-19 ANALYSES OF THE INFLUENCE OF CONCRETE PERFORMANCES AND BONDING AGENTS TO ADHESION BETWEEN OLD AND NEW CONCRETE EXPERIMENTAL RESULTS AND WORLD EXPERIENCE
	CS-20 MATERIAL MODEL FOR ANALYSIS OF FRP STRENGTHENED RC WALLS UNDER CYCLIC LOADING

	07-SS
	SS-1 CABLE STAYED BRIDGE ANALYSIS WITH TWO DIFFERENT APPROACHES
	SS-2 ANALYSIS OF THE BEHAVIOR OF SHEAR CONNECTORS WITH LONGITUDINAL SHEETING AND SOLID SLAB
	SS-3 EXPERIMENTAL INVESTIGATION OF BEHAVIOR OF MECHANICAL ANCHORS
	SS-4 TECHNICAL SOLUTION FOR INFRASTRUCTURE CROSSINGS  
	SS-5 A STEP TOWARD MODULARITY 
	SS-6 SPECIAL FINITE ELEMENTS IN MODELING OF STRUCTURAL JOINTS AND CONNECTIONS
	SS-7 MAIN STRUCTURAL AND MECHANICAL DESIGN OF THE ROPEWAY CUCUCI - BRAJICI
	SS-8 RECONSTRUCTION AND ADAPTATION OF INDUSTRIAL HALL 
	SS-9 CONTEMPORARY PRINCIPLES OF CONSTRUCTION OF INDUSTRIAL OBJECT
	SS-10 STRENGTHENING OF EXISTING RC BUILDINGS WITH STEEL FRAMES AGAINST NATURAL SEISMIC DISASTER
	SS-11 PHILOSOPHY OF ROBUSTNESS STRUCTURES AND ITS APPLICATION IN THE PROJECT FOR TEMPORARY STEEL FRAME STRUCTURES, USED FOR STRENGTHENING OF A GREAT EXCAVATIONS FOR NEW METRO IN SOFIA
	SS-12 COMMERCIAL STRUCTURE DESIGN 

	08-ST
	ST-1 GEODETIC AUSCULTATION ON CHIMNEYS AT “JOHNSON MATTHEY”
	ST-2 THE IMPORTANCE OF SOIL MEDIUM MODELLING ON THE STRUCTURAL RESPONSE
	ST-3 ANALYSIS OF RESIDENTIAL BUILDINGS FOR COLLECTIVE HOUSING, BUILT IN SELECTED CITY QUARTER - KARPOSH 3
	ST-4 ESTIMATION, IDENTIFICATION AND STABILIZATION OF DISPERSIVE SOILS
	ST-5 ARCHITECTURAL INTEGRATION OF PHOTOVOLTAIC MODULES IN PUBLIC BUILDINGS
	ST-6 STRUCTURAL APPICATION AND ANALYSIS OF GFRP PULTRUDED ELEMENTS
	ST-7 DYNAMIC SIMPLE SHEAR TESTS ON SKOPJE SAND SOIL SAMPLES
	ST-8 CURRENT TRENDS AND FUTURE DIRECTIONS FOR MULTI-STOREY TIMBER BUILDINGS
	ST-9 REHABILITATION OF THE RAILWAY TRACK IN THE  TUNNEL “SOZINA“ IN MONTENEGRO
	ST-10 COMPLEXITY OF CURVED GLASS STRUCTURES
	ST-11 CULTURAL HERITAGE AS A DRIVER FOR SUSTAINABLE GROWTH – PROJECT “ROCK”
	ST-12 EXAMINING THE ROLE OF URBAN STREET DESIGN IN ENHANCING SUSTAINABILITY THE CASE OF POGRADEC  
	ST-13 STRUCTURAL REHABILITATION AND STABILIZATION OF SMEDEREVO FORTRESS TOWER 11
	ST-14 MULTICRITERIA ANALYSIS FOR EVALUATION AND CRITICAL COMPARISON AT TRANSPORT INFRASTRUCTURE PROJECTS
	ST-15 TECHNOLOGIES FOR SUSTAINABLE BUILDINGS ADAPTIVE FACADES OVERVIEW
	ST-16 NUMERICAL MODELLING OF NOTCHED GLULAM BEAMS
	ST-17 HERAKLEA MUSEUM, A CONECTION BETWEEN STRUCTURAL AND ARCHITECTURAL APPROACH  

	ADVERTISEMENTS
	BACK COVER



